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Tuesday, March 8, 2011 437ain HEK293 cells showed that it does not generate any current (n=6). We uti-
lized recently published computational models of the human atrial and ventric-
ular action potential (Abraham et al., J Mol Cell Cardiol. 2010 and Grandi, et
al. J Mol Cell Cardiol. 2010) to determine the effect that T322M has on cardiac
Action Potential Duration (APD) stimulated at 1 Hz. A 100% reduction of IKs
resulted in a prolonged APD in the atrial simulation but not the ventricular sim-
ulation. We incorporated a beta-adrenergic stimulation component into the ven-
tricular model and found that reducing IKs by 100% in the modified simulation
increased APD. We further modified the ventricular action potential simulation
to compromise ‘repolarization reserve’ by reducing the rapidly-activating
delayed-rectifier Kþ current or IKr component. This modification exacerbated
that effect that 100% block of IKs had on ventricular APD. Based on these re-
sults we conclude that T322M prolongs the atrial APD in the absence of beta-
adrenergic stimulation, and prolongs the ventricular APD in the presence of
beta-adrenergic stimulation and a compromised repolarization reserve.
2362-Pos Board B348
A Mathematical Model Identifies Arrhythmia Susceptibility Factors in
Mice with Heart Failure
Vladimir E. Bondarenko, Polina S. Petkova-Kirova, Barry London,
Guy Salama, Randall L. Rasmusson.
Tumor necrosis factor-a (TNF-a) is significantly elevated in the serumof patients
with end-stage congestive heart failure and in themyocardiumof patientswith di-
lated cardiomyopathy and ischemic heart disease. This correlation suggests that
the inflammatory cytokine TNF-a plays a significant role in promoting arrhyth-
mias. To investigate the role of TNF-a, transgenic (TG) mice were generated
with cardiac-specific overexpression of TNF-a which resulted in dilated cardio-
myopathy, impaired Ca2þ dynamics, and increased mortality. In this study, we
modified ourmodel ofmouse ventricular myocytes to account for the experimen-
tally observed electrical remodeling. The resulting model demonstrated potential
arrhythmogenic changes due to changes in action potential (AP) properties and
cellular coupling. The simulated differences in actionpotential shape andduration
were predominantly due to changes in the rapidly-inactivating transient outward
Kþ current, IKto,f, and an ultra-rapidly activating K
þ current, IKur. The model in-
corporated experimental measurements of differences in Ca2þ handling in myo-
cytes from wild type (WT) and TG mice: reduced [Ca2þ]i transients and slower
Ca2þ sequestration by the sarcoplasmic reticulum (SR) in TG mice. The model
also predicted that Ca2þ alternans developed at longer basic cycle lengths in
TG compared toWTmice as observed experimentally. The greater susceptibility
to Ca2þ alternans was attributed to a slower Ca2þ sequestration rate by the SR.
Programmed stimulation with a premature impulse showed that longer S1-S2 in-
tervals were effective at eliciting re-entry in TG vs.WTmice, suggesting amech-
anism for the observed increase in the susceptibility of TG mice to re-entrant
arrhythmias. A marked decrease of conduction velocity in TG mouse hearts
was a major pro-arrhythmic mechanism in this mouse model of heart failure.
2363-Pos Board B349
Electrophysiological Modeling of Channelrhodophsin-2 in Cardiac Cells
Jonathan Wong, Oscar Abilez, Rohit Prakash, Karl Deisseroth,
Christopher K. Zarins, Ellen Kuhl.
Purpose: With the recent interest in Channelrhodopshin-2 (Chr2) in neurolog-
ical experiments, researchers have begun to investigate the utility of light-
activated ion channels in other electrically active cell types, including human
embryonic stem cell-derived cardiomyocytes (Abilez et al. 2010). However,
the impact of Chr2 in action potential synchronization in cardiac cells is not
yet fully realized, as neuronal and cardiac cells differ in electrical behavior.
In the past, baseline electrophysiological models for normal neuronal and car-
diac cells have been developed and recent attempts have been made to charac-
terize Chr2 in neuron excitation control. However, these approaches do not
capture the resulting ion channel current, nor have they been adapted for car-
diac cells. By characterizing Chr2 currents within existing cell models, simula-
tions can be conducted concurrently with experiments for principle validation
and experiment optimization.
Methods: A kineticmodel for Chr2 activation (Nikolic et al. 2006)was extended
to an ion current formulation from current-voltage comparisons in the literature.
This current was introduced into a ventricular cell model (ten Tusscher et al.
2003) and embedded in an implicit non-linear finite element framework
(Wong et al. 2010) to perform simulations at cellular, tissue, and organ levels.
Results: To illustrate the features of our novel light-activated cell model, we
present selected examples to show the benefits of concurrent modeling. At the
cellular level, we explore the impact of photostimulation strength, duration,
and frequency inChr2-manipulated ventricular cells.At the tissue level,we eval-
uate the feasibility of using such manipulated cells as pacemakers in the heart.
Conclusion: By ‘‘transducing’’ cell models with Chr2, we can not only virtually
probe characteristics of light-activated functional cells for novel applications ofChr2 in cardiac cells and other electrically active cells, but also optimize exper-
iments by qualitatively predicting experimental results.
2364-Pos Board B350
Using Regression-Based Model Analysis to Reconstruct and Predict Re-
dundant Experimental Measurements
Amrita X. Sarkar, Eric A. Sobie.
The characterization of a heart cell’s behavior generally involves a series of exper-
imental measurements, some of which are relatively easy and others that require
more involved experimental protocols. Because: 1) experimental studies can be
time-consuming; and 2) it is not always possible to perform each measurement
on a particular cell, there is a clear value in methods that can reliably distinguish
betweenmore informative and less informative experiments. Here we extend our
previous studies that have analyzed several mathematical models of cardiac my-
ocytes usingparameter randomization andmultivariable regression. Thegoal is to
determine whether these techniques can be used to predict difficult-to-measure
cellular outputs using a combination of a several easier-to-obtain measurements.
Previously, we had devised a method to rank the cellular outputs in terms of their
linear independence, choosing only to retain themost independent (good) outputs
while rejecting the least independent (bad) outputs from the ranked list. Here, we
use multivariable regression to derive a matrix whose elements indicate how
changes in the ‘good’ outputs influence the ‘bad’ outputs. We found that most
of the bad outputs could be specified with precision (R2 > 0.9 for 11 out of the
16 bad outputs). This implies that experiments to perform these measurements
are unnecessary if the good outputs are already known. Moreover, in a few cases,
a difficult-to-measure bad output could be well-predicted by a combination of
a limited number of easier-to-measure outputs. The simulation results suggest
that the information present in a more complicated cellular measurement may
be reconstructed using a combinationof easiermeasurements, therebyeliminating
theneed to painstakinglymake thesemeasurements. Thismethod therefore shows
great promise as a tool for model-driven experimentation.
2365-Pos Board B351
Stability and Self-Sustained Oscillations in a Ventricular Cardiomyocyte
Model
Bogdan P. Amuzescu, Catalin Liviu Bichir, Adelina Georgescu,
Gheorghe Nistor, Marin N. Popescu, Istvan Svab, Alexandru Dan Corlan,
Maria-Luiza Flonta.
The Luo-Rudy I model, describing the electrophysiology of a ventricular car-
diomyocyte, is associated with an 8-dimensional discontinuous dynamical sys-
tem with logarithmic and exponential non-linearities depending on 15
parameters. By numerical approaches appropriate to bifurcation problems, sec-
tions in the static bifurcation diagram were determined. For different values of
a steady depolarizing/hyperpolarizing current (Ist), the corresponding projec-
tion of the static bifurcation diagram in the (Ist, V) plane is complex, featuring
three branches of stationary solutions delimited by two saddle-node bifurcation
points. In addition, on the upper branch oscillations can occur within an Ist
range [4.45, 0.51 mA/cm2] where the Jacobian of the linearized system fea-
tures two complex conjugated eigenvalues. Oscillations are either damped at
a stable focus or amplified until the system trajectory is diverted to the lower
branch of stable stationary solutions when reaching the unstable manifold of
a homoclinic saddle. The middle branch of solutions is a series of unstable sad-
dle points, while the lower one a series of stable nodes. For variable slow in-
ward and Kþ current maximal conductances (gsi and gK), in a range between
0 and 4-fold normal values, the dynamics is even more complex, and in certain
instances self-sustained oscillations tending to a stable limit cycle appear. All
these types of behavior were correctly predicted by linear stability analysis and
bifurcation theory methods based on numerical continuation algorithms. Both
unsustained oscillations, resulting in early after-depolarizations, and sustained
oscillations may trigger dangerous ventricular arrhythmias by multiple mecha-
nisms. In particular settings, e.g. for a normal gK and one-fifth-of-normal gsi,
these two arrhythmia-threatening conditions may occur simultaneously.
2366-Pos Board B352
Revisiting the Ionic Mechanisms of Early Afterdepolarizations in Cardio-
myocytes: Predominant by Ca Waves or Ca Currents?
Zhenghang Zhao, Nadezhda Fefelova, Lai-Hua Xie.
Early afterdepolarizations (EADs) have been implicated in severe cardiac ar-
rhythmias and sudden cardiac deaths. However, the mechanism(s) for EAD
genesis, especially regarding the relative contribution of Ca wave vs. L-type
Ca current (ICa,L), still remains controversial. In the present study, we system-
ically compared the properties of EADs in the following two pharmacological
models: A) H2O2 (200 mM); B) Isoproterenol (100 nM) and Bay K 8644
(50 nM) (IsoþBayK). Membrane action potentials (APs) and Ca imaging
were simultaneously recorded in isolated rabbit ventricular myocytes. We
found that: 1) H2O2-induced EADs were facilitated by slow pacing rates, while
438a Tuesday, March 8, 2011IsoþBayK-induced EADs by fast pacing rates and Ca accumulation; 2) The up-
strokes of H2O2-induced EADs preceded the initiations of Ca aftertransients
(CaATs), while the upstrokes of IsoþBayK-induced EADs occurred after the
initiations of CaATs; 3) The EAD take-off potentials were within a narrow
range between þ20 and 20 mV in H2O2 model, while they were randomly
distributed in a wide range between þ30 and 60 mV, corresponding to con-
comitant Ca waves in IsoþBayK model; 4) When the cell membrane clamp
was switched from current clamp to voltage clamp using a normal AP wave-
form without EAD, CaATs/Ca waves disappeared in H2O2 model, but persisted
in IsoþBayK model. 5) The ICa,L blocker nifedipine (10 mM), eliminated EADs
and CaATs in both models. 6) SEA400 (2 mM), a selective blocker of Na-Ca
exchange current, suppressed EADs in both models and H2O2-inducd CaAT,
but exerted less effect on Ca wave in IsoþBayK model. We conclude that
the mechanisms for EADs vary depending on their causative factors. While re-
activation of ICa,L plays a predominant role in EAD genesis by H2O2, sponta-
neous Ca waves are predominant cause under Ca-overload conditions (e.g. in
IsoþBayK model).
2367-Pos Board B353
Ca2þ-Regulated-cAMP/PKA Signaling in Cardiac Pacemaker Cells Links
ATP Supply to Demand
Yael Yaniv, Magdalena Juhaszova, Alexey E. Lyashkov,
Harold A. Spurgeon, Steven J. Sollott, Edward G. Lakatta.
Rationale: In sinoatrial node cells (SANC), Ca2þ activates adenylate cyclase
(AC) to generate a high basal level of cAMP-mediated/protein kinase A
(PKA)-dependent phosphorylation of Ca2þ cycling proteins. This results in
spontaneous sarcoplasmic reticulum-generated rhythmic Ca2þ oscillations dur-
ing diastolic depolarization, that not only ignite the surface membrane to gen-
erate rhythmic action potentials (APs), but, in a feed-forward manner, also
activate AC/PKA signaling. ATP is consumed to produce cAMP, to pump
Ca2þ and to contract.
Objective: Since nature efficiently linksATP-demand toATPproduction,wehy-
pothesized that (1) both basal ATP supply and demand in SANCwould be Ca2þ-
cAMP/PKA dependent; and (2) due to its feed-forward nature, a decrease in flux
through the Ca2þ-cAMP/PKA signaling axis will reduce the basal ATP level.
Methods and Results: Graded reduction of basal Ca2þ-cAMP/PKA signaling
in rabbit SANC, produced graded ATP depletion (r2=0.96), and reduced O2
consumption and flavoprotein fluorescence. Neither inhibition of glycolysis,
nor selectively blocking contraction reduced the ATP level. Specific inhibition
of mitochondrial Ca2þ flux was without effect, indicating that the cAMP/PKA
component rather than Ca2þ directly, links the Ca2þ/cAMP-PKA signaling to
ATP production.
Conclusions: Feed-forward basal Ca2þ-cAMP/PKA signaling both consumes
ATP to drive spontaneous APs in SANC and is tightly linked to mitochondrial
ATP production. Interfering with Ca2þ-cAMP/PKA signaling to reduce the
SANCATP demand also ‘‘pulls the plug’’ on SANCATP supply. This distinctly
differs fromventricularmyocytes,which lack this feed-forwardbasal cAMP/PKA
signaling, and in which ATP level remains constant when the demand changes.
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di-4-ANEPPS Slows Cardiac Conduction Velocity
Katie J. Sciuto, Anders Peter Larsen, Alonso P. Moreno, Steven Poelzing.
One of the most widely used voltage-sensitive dyes for optically mapping car-
diac conduction is di-4-ANEPPS. Previous studies suggest that di-4-ANEPPS
broadens the QRS; however, little is known about its effects on myocardial con-
duction. We hypothesized that di-4-ANEPPS suppresses cardiac conduction
velocity (CV).
CVwas quantified inLangendorff-perfused guinea pig hearts using unipolar elec-
trode and optical recordings. Electrode recordings from the anterior epicardium
revealed that di-4-ANEPPS (7.5 mM) slowed cardiac transverse CV significantly
from2354 cm/s to 1853 cm/s (p<0.05). To investigate a possible concentration
dependent effect of di-4-ANEPPS, CV and anisotropy was quantified using opti-
cal signals recorded from the anterior epicardium of both the right and left ventri-
cle (RV, LV) at different concentrations of di-4-ANEPPS. Increasing the
concentration of di-4-ANEPPS from 1.9 to 15 mM reduced transverse CV by
752 cm/s in the RV (p<0.05) (n=4) and 452 cm/s in the LV (p<0.05) (n=4).
The decrease in longitudinal CV trended towards significance in both the RV
(1457 cm/s, p=0.08) and the LV (1559 cm/s, p=0.07). The anisotropic ratio
ofCVwas not affectedbydi-4-ANEPPSconcentration.Connexin43conductance
was not significantly changed by di-4-ANEPPS at 15 mMevident from dual patch
clamp experiments onHeLa cell-pairs overexpressing rat connexin43 (n=5), sug-
gesting that decreasedgap junction conductance is not the underlyingmechanism.
These data suggest that the perfusion of di-4-ANEPPS into whole heart tissue
slows CV in both the right and left ventricles and this effect does not appear to
be connexin related. Investigators should take the effect of di-4-ANEPPS on
conduction into account when interpreting data obtained with this dye.2369-Pos Board B355
Decomposition of Fluoresced Transmembrane Potentials Using Multireso-
lution Wavelet Analysis
Huda Asfour, Luther Swift, Narine Sarvazyan, Milos Doroslovacki,
Matthew Kay.
Fluorescence imaging of transmembrane voltage- sensitive dyes is used to
study electrical activation in cardiac tissue. However, fluorescence signals suf-
fer from sensitivity to motion due to loss of registration between the target and
the imaging device. We introduce a new processing approach for fluoresced
transmembrane potentials (fTmps) that is based upon the discreet wavelet
transform. We show how fTmp signals can be decomposed and reconstructed
to form three sub-signals that contain signal noise (noise signal), the early de-
polarization phase of the action potential (rTmp signal), and motion artifact
(rMA signal). Rat hearts stained with RH237 were used to obtain fTmp sig-
nals contaminated with motion artifact. fTmp signals acquired from the epi-
cardial surface of the heart were decomposed and reconstructed using
coiflet4 wavelet. Results indicate that the approach is a useful processing
step to remove baseline drift, reduce noise, and reveal wave fronts. In addi-
tion, local motion artifact amplitudes can be measured using rMA signals.
Multiresolution wavelet analysis can be used to study wave fronts without ag-
gressive mechanical tissue constraint or electromechanical uncoupling agents
and is particularly useful for single camera systems that do not provide for
ratiometric imaging.
2370-Pos Board B356
Irradiation Leads to Disturbed Excitation-Contraction Coupling in
Cardiac Myocytes Through ROS-Dependent CaMKII Activation
Kay Neumann, Can Sag, Hendrik Wolff, Marie Opiela, Hans Christiansen,
Lars Maier.
Introduction: Chest radiotherapy is part of therapeutic concepts for malignant
diseases. However, radiation-induced cardiotoxic effects have become clini-
cally relevant. The underlying pathomechanisms are poorly understood.
Hypothesis: We investigated whether excitation-contraction coupling in car-
diac myocytes, which depends on intact intracellular Ca cycling, may be di-
rectly affected by irradiation (IR).
Methods: Isolated ventricular mouse myocytes were exposed to graded IR (0
Gy sham IR, 4 Gy and 20 Gy). Ca and Na handling properties and intracellular
reactive oxygen species (ROS) levels were measured using epifluorescence mi-
croscopy (Fura-2, SBFI and CMH2-DCFDA, respectively) and confocal Ca
(Fluo-4) imaging. Trypan blue staining indicated cellular injury. Western Blots
revealed protein phosphorylation levels.
Results: IR increased systolic sarcoplasmic reticulum (SR) Ca release leading
to an acute positive-inotropic effect with Ca transients of 0.2150.01 ratio
units (r.u., F340nm/F380nm) at 20 Gy (N=89) vs. 0.1550.01 r.u. in untreated
sham control myocytes (N=98, P<0.05 using one-way ANOVA). Although
SR Ca content was unaltered, an increased diastolic SR Ca leak measured
as Ca sparks (7525113 Ca sparks*pL1*s1 at 20 Gy, N=32 vs.
208534 sparks*pL1*s1 at 0 Gy, N=12, P<0.05 using one-way ANOVA)
was accompanied by diastolic Ca overload and increased cellular injury. Fur-
thermore, a rise in intracellular Na from 0.765 0.01 r.u. (N=27) at 0 Gy to
0.795 0.01 (N=39, P<0.05 using one-way ANOVA) at 20 Gy was observed
after IR.
IR-dependent elevation of ROS levels (by ~667% at 20 Gy) contributed to Ca/
calmodulin-dependent protein kinase II (CaMKII) activation. CaMKII-
inhibition and ROS-scavenging prevented IR-dependent Ca overload, cellular
dysfunction, and cell death.
Conclusions: IR severely disturbs cardiac Ca handling and decreases myocyte
viability. As underlying pathomechanism, a ROS/CaMKII signaling pathway
was identified.
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Role of Gap Junction Channels on Cardiac Memory
J. Krishnan, V.S Chakravarthy.
The phenomenon of cardiac memory refers to persistent response of the heart to
an external pacing stimulus, where the response typically outlasts the stimulus.
It is a fundamental tenet of neuroscience that synaptic modification is the basis
of various forms of learning and memory. Drawing analogy with neural synap-
ses and Gap Junctions (GJs) in the cardiac tissue, we had earlier hypothesized
that dynamic, voltage-sensitive change in GJ conductance may be related to the
phenomenon of cardiac memory. In this work we have coupled cardiac cells by
GJ conductance. The GJ conductance is allowed to vary as a function of junc-
tional voltage. Simulations show the cell pair and GJ system has two stable
states: one at a high value of GJ conductance and another at a lower value.
The system can be switched between the two states by an appropriate external
input. Such bistable dynamics can support memory operations and most prob-
ably underlie the phenomenon of cardiac memory. There are three kinds of cell
